This paper investigates if farmers' asset values have a predictive power to asses land quality. A rich sustainable livelihood literature describes small farmers' biophysical and socio-economic environment through asset values, which closely adheres to the required information for an integrated quality appraisal of the natural resource base. For our analysis we use an in-depth survey held among 50 famers' households in three rural areas of Senegal. Farmers gave scores for their livelihood assets (human, physical, natural, financial and social) and judgments on the state and trend of the quality of their natural resource base (crop land, rangeland, forest and water resources). As our observational data are dominated by unobserved heterogeneity, we refrain from causal statistical analysis and seek associative patterns between asset values and state and trend of natural resource quality using data visualization techniques and descriptive statistics. We compare categorical data on state and trend of land qualities with asset value classes in a frequency distributions evaluation (Chi-square) and with continuous asset value scores in an analysis of variance (ANOVA). For state of forest we found consistent but counterintuitive differences for various asset values with higher asset values for 'degraded' classes and lower values for 'good' quality of the forests. There is some evidence that trend of forest quality can be derived from asset value scores which were in agreement with our premise of lower scores for low quality and higher scores for better quality. Yet, overall we have to conclude that asset values do not correlate straightforward and unequivocally with state and trend of natural resource quality.
Introduction
Degradation of the natural resource base constitutes a serious impediment to meet the increasing demand for food commodities of a mounting and more affluent global population. Especially farmers in development countries with restricted access to capital and inputs to compensate detrimental land degradation effects are hit hard by a decreasing productivity of the natural resource base (Pingali, Schneider & Zurek, 2014) .
Senegal is a particular point in case. Sonneveld, Keyzer, Zikhali & Merbis (2010) (Note 1) showed that 34 per cent of the national territory and 58 per cent of the agricultural area is affected by land degradation and now seriously impairs the quality of eco-system services and food production. The same study showed that an additional 26 per cent of the total land area and 40 per cent of the agricultural area faces an expansion of the degradation. With a staggering population growth of 2.9 per cent in the period (UNData, accessed 2014 ) and a prevailing 19 per cent of chronic malnutrition under children (DHS, 2013) , Senegal is confronted with a huge challenge to secure the food production for its future population and protect the long-term productive capacity of its natural resource base. Karalemasc, 2015) that follow physical flows of degradation in detail to a more integrated analysis that includes biophysical as well as socio-economic and institutional conditions (e.g. Vu, Frossard, Vlek, 2014; Nkonya and Weston, 2015) . There are basically two reasons for this. First, physically based models designed in a laboratory and in small field plots could not cope with the variability of field conditions at larger scales that are required for policy making at the higher levels (Nearing and Hairsine 2011) . Hence, these models required a strong site specific calibration program and local expert knowledge of the terrain which, of course, excludes their universal use in places that could not be visited (Breshears, Whicker, Johansen, & Pinder, 2003) . A second reason is that degradation of natural resources is by definition evoked by an interaction between environmental conditions and human behavior. Hence, causal relationships that are relevant for defining land conservation policies require knowledge of the biophysical environment as well as of land users and related institutions that require coordinated activities beyond the individual level. Hence, most analytical studies on natural resource degradation follow integrated statistical approaches where information collected on natural environmental factors and socio-economic conditions of custodians are used to identify the significance of causal relationships or associative patterns that can explain the state of land quality (e.g. Pender, Nkonya, Jagger, Sserunkuuma, & Ssali, 2004; Firew, 2014) . This paper follows the latter approach and seeks the possibility to relate asset values derived from the sustainable livelihood approach (Chambers and Conway, 1992; Scoones, 1998) to the hazard of natural resource degradation. Using approaches described in Carney (1998) this study adopts the use of five asset values that are essential for the pursuit of livelihood strategies that are related to land quality: -Natural capital. Natural resource stocks and environmental services.
-Financial capital. Capital base, access to credit.
-Human capital. Skills, knowledge, ability to labor and physical capability.
-Social capital. Resources for coordinated actions.
-Physical capital. Basic infrastructure and production equipment.
These asset values provide a comprehensive dynamic overview of farming systems, monitor development and changes in their levels over time (e.g. Chen, et al., 2013; Katerberg et al., 2012 ) so as to identify timely the constraints for sustainable development and express the concerns over employment, poverty reduction, security, well-being and capability as well as quality of the natural resource base.
We will confront the value of these assets with qualitative assessments on the state and trends in degradation for various natural resources that are managed by the rural population in Senegal. Specifically, farmers were asked to value assets with a score between 0 (low) and 10 (high) and indicate for four natural resources (crop land, rangeland, forest and water) the quality of their current state as 'low', 'moderate' and 'high' and the quality of changes over time (trend) as 'rapidly decreasing', 'decreasing', 'stable', 'improving' and 'rapidly improving'. For our study we use data that were collected under the FAO/UNEP sponsored Land Degradation in Dryland Areas (LADA) project. Guidelines on the Local Level Assessment of Land Degradation and Sustainable Land Management were provided by Bunning, McDonagh, Rioux, & Woodfine, 2011 . With this study we aim to support decision makers into prioritizing policy interventions that target specific assets so as to improve the quality and productivity of the natural resource base.
The paper proceeds as follows. Section 2 describes data and methodology used in this study. Section 3 discusses the relation between asset values and rate and state of resource quality for crop land, rangeland, forest and water resources. Section 4 concludes.
Data and Methods
A team of field experts conducted a detailed local assessment on natural resource quality and asset values. The assessment consisted of focus group discussions at village level, household surveys among farmer families and a soil and vegetation inventory. The methodologies for these local assessments are described in (Mcdonagh et al., 2010) . Here we present a brief summary of the guiding principles for this data collection exercise and its application in Senegal.
Sampling Strategy
Three Geographic Assessment Areas (Note 2) (GAA) were selected that were representative for major land uses, biophysical variability and degree of natural resource degradation in Senegal. Based on interviews and reconnaissance surveys one to three transects were defined that followed the diversity of prevailing biophysical and land use characteristics in the GAAs. Along these transects two to three representative study areas were selected where one to four representative villages where visited for focus group discussion with key informants of the community (one per village) and household surveys (four to six per village). The distribution of the selection of households over the wealth classes (poor, medium, better-off) followed the prevailing wealth distribution of the village population. Descriptive narratives of selected GAAs, transects, study areas, villages and sites are found in the reports CSE (2009a-e), a short description of the three GAAs is given below.
Niayes is a coastal area with rainfall varying from 300 -400 mm per annum concentrated in the months of August and September. 'Living' white dunes near the coast are followed by semi-fixed yellow dunes more inland. Humid depressions with fertile soils ('niayes') are a regular occurrence. At the boundary of these depressions typically oil palm and coconut are found. Main land use is horticulture in the 'niayes', but livestock and forestry are also a source of income.
Nioro du Rip has a mean annual rainfall of about 700 mm. Approximately 85% of the rainfall occurs in the months July, August and September. Terrain is relatively flat and soils vary in fertility levels. Main land use type is rainfed agriculture with groundnuts, millet, maize and sorghum as crops. Where water availability permits, horticulture is also practiced. Second most important land use is rearing of livestock in a sedentary extensive manner.
Zone sylvopastoral is located in the North of Senegal with mean annual rainfall of about 400 mm, 90 per cent of which falls in July, August and September. Soils are mainly formed in sedimentary formations with flat topography and varying in texture from sandy to clayey. The main activity is keeping livestock in an extensive manner; in the rainy season there is some arable farming. Some forestry activities are conducted like collection of fruit, fuel wood, timber and pole wood. In total 50 households were interviewed. The number of households and their location within each GAA is presented in 
Survey Data
The survey collected information on a wide inventory of various subjects related to natural resource quality, socio-economic conditions of the household, and the institutional environment that are described in McDonagh et al. (2010) . Here we concentrate on the information that was collected by the farmers on asset values and state and trend of natural resource degradation. Concerning asset values, farmers were asked to give a score (in the range of 0-10) for each of the five assets taking into consideration the topics that are listed in Furthermore, each farmer was asked to indicate the quality and trends of land degradation for crop land areas, rangeland, forests and water sources with the descriptive terms that are presented in Table 3 and Table 4 , respectively
Statistical Analysis
We practice two descriptive statistical techniques. First, Pearson's Chi-square tests the null hypothesis whether paired observations of categorical asset classes and qualitative state and trend of land quality classes are independent of each other, which means that distribution of data is due to chance and asset value classes will have no relation to state and trend of natural resource degradation. We, therefore, report on expected distribution under the null hypothesis so as to assess if patterns deviate significantly from observed values. The expected value within each cell is the product of row total and column total divided by overall sample (Preacher, 2001) . Second, we test the variability between group means of asset value scores and compare these with results that are expected from chance alone. Our unbalanced observations for the qualitative state and trend of land quality assessment demands the use of a Generalized Linear Model (GLM) approach which takes into account the size of the data set to assess variance as a measure of variability. The ratio of the asset value mean square and the error mean square (deviations of data around the group means) is the well-known F-ratio. The F distribution represents the range and likelihood of all possible F-ratios under the null hypothesis (i.e. asset values are identical for all land quality classes). The threshold probability was set at 0.1 and 0.05. Table 2 .
Furthermore, each farmer was asked to indicate the quality and trends of land degradation for crop land areas, rangeland, forests and water sources with the descriptive terms that are presented in Table 3 and Table 4 , respectively
We practice two descriptive statistical techniques. First, Pearson's Chi-square tests the null hypothesis whether paired observations of categorical asset classes and qualitative state and trend of land quality classes are independent of each other, which means that distribution of data is due to chance and asset value classes will have no relation to state and trend of natural resource degradation. We, therefore, report on expected distribution under the null hypothesis so as to assess if patterns deviate significantly from observed values. The expected value within each cell is the product of row total and column total divided by overall sample (Preacher, 2001) . Second, we test the variability between group means of asset value scores and compare these with results that are expected from chance alone. Our unbalanced observations for the qualitative state and trend of land quality assessment demands the use of a Generalized Linear Model (GLM) approach which takes into account the size of the data set to assess variance as a measure of variability. The ratio of the asset value mean square and the error mean square (deviations of data around the group means) is the well-known F-ratio. The F distribution represents the range and likelihood of all possible F-ratios under the null hypothesis (i.e. asset values are identical for all land quality classes). The threshold probability was set at 0.1 and 0.05. 
Results
We start our analysis of household surveys by analyzing the distribution of scores for: social, human, natural, financial and physical assets in each of the three GAAs. Next, we report on state and trends in land quality for natural resources: crop land, rangeland, forest and water. Finally, we combine the asset with information on state and trend of natural resource quality. 
Asset Value Scores by GAA
For visualization and comparison the asset values were aggregated into three classes: 'low' (score 0-4), 'moderate' (5-7) and 'high ' (8-10) . Figure 1 shows the frequency distribution of the number of farmers by GAAs for these asset classes concerning: social, human, natural, financial and physical capital. The 'moderate' class in the frequency distribution is clearly dominant for all assets, followed by the 'high' asset class. 'Low' asset classes are found for human, physical and financial assets. 
State and Trend of Land Quality
Of the 50 interviewed farmers 49, 42, 37 and 44 gave valid answers on the state of land quality for, crop land, rangeland, forest and water quality, respectively. Figure 2shows the frequency distribution of farmer responses on state of the natural resource quality for crop land, rangeland, forest and water, respectively. These responses were classified as 'low', 'moderate' and 'high'. For crop land 29 per cent was reported as 'low' quality. A closer look into the data showed that the 'low' category holds for 50 per cent of the farmers in Nioro du Rip, against 11 per cent of the farmers in Niayes and Zone Sylvopastoral. Niayes reported high percentages of water resource degradation (50 per cent). Yet, in Nioro du Rip and Zone Sylvopastoral, respectively 71 and 79 per cent of the water resources were either stable or improving. We can conclude that, overall, the state of natural resource quality is of concern with percentages of 'low' quality varying between 7 (rangeland) and 29 (crop land) per cent. Yet, the (rapidly) decreasing land quality requires urgent attention as these percentages vary from 31 (water resources) to 62 (crop land) per cent. Furthermore, we note that in both state and trend the most affected areas are under crop land. Niayes and Nioro du Rip are the GAAs where most negative figures in state and trends of natural resource quality are reported.
State and Trend of Natural Resource Quality by Categorized Scores of Asset Values
In this section we analyze the association between state and trend of natural resource quality for the various asset values. Our working hypothesis is that lower asset values are indicative for natural resource degradation while Vol. 9, No. 1; 2016 higher classes correspond with 'good' quality. The idea of this premise is that farmers with less economic and natural endowments will have limited means to restore natural resources (e.g. Barbier, 2000; Tittonell and Giller, 2013) while richer farmers have more opportunities to maintain or increase the quality of their resource base. We conduct this analysis by comparing for the ordered state and trend classes of land quality the frequency distribution of categorical asset value classes and average differences of continuous asset value scores. Hopkins and Kenneth, 1978) . Hence we decided to aggregate cell frequencies over individual assets and summarize the frequency for each of the asset value classes only. 错误!未找到引用源。 reports on these results and includes the expected frequency in case that asset value classes and qualitative judgments on land quality are independent. We note that most expected values are close to observed frequencies except for forest that also shows a significant Chi-square statistic (value 22.9406, probability <0.0001) whereas Chi-square tests for other natural resources show no significant influence (values of 3.1803, 4.1390 and 5.8051 with corresponding probabilities under the zero difference hypothesis of 0.5281, 0.3875 and 0.2142 for crop land, rangeland and water resources, respectively). A closer look at the 'forest' data shows that the deviations are more or less counterintuitive as for the 'Good' state of forest we find lower frequencies as expected for the 'High' asset value class and higher frequencies for the 'Low' asset class. The opposite holds for the 'Degraded' quality state of forests where frequencies for 'High' are higher as expected and 'Low' asset classes show lower frequency than expected. We can conclude that our premise, higher asset values would indicate 'good' resource qualities and lower asset values would indicate lower ('Degraded') natural resources, has proven to be incorrect. In the majority of the cases the Chi-square test clearly shows that there is no significant difference between expected independent outcomes and observed frequency distribution.
Asset value classes.
Table A 2 in the Annex shows the frequency distribution for each of the asset values and corresponding trends of natural resource quality. For the same reason of low cell frequencies we aggregated cell frequencies over individual assets. The resulting cell frequencies including the expected frequency under independence assumption are summarized in Table 6 . Cell frequencies for 'rapidly decreasing' were still at a low level and for our Chi-square analysis aggregated with the 'decreasing' class. We find that most expected values are close to the observed ones. The Chi-square statistics (2.4395, 4.7678, 2.8564, 4.5742 with probabilities of 0.8752, 0.3120, 0.5821 and 0.5995 for crop land, rangeland, forest and water resources, respectively) confirm the minimal difference between observed and expected frequency distribution for all natural resources. Hence, we can conclude that the categorical asset values are not useful predictors for the trend of natural resource quality. 
State and Trend of Natural Resource Quality by Asset Values Scores
In this section we report on the predictive power of the mean asset value scores by asset for state and trend of natural resource quality. Table 7 shows for each natural resource the mean of the scores and their standard deviation by asset and state of natural resources. The table includes an overall score for each of the asset value classes. For crop land we find that two (human and social) out of the six reported assets the lowest value corresponds to 'degraded' state and for water resources this occurred once (natural). For rangeland and forest all asset values for 'degraded' were highest or second highest. For the 'good' state of the natural resource quality we found that for crop land three assets (physical, human and natural) had the highest value and for rangeland one (financial). Forest and water resources all reported second or third for the 'good' state of the resource. We also note that the standard deviation is relatively large which makes it less likely that differences between the mean will be significant. We test if asset value scores for the three natural resource quality classes are significantly different, that is, we compare scores for a) 'degraded' with 'moderate', b) 'degraded' with 'good', c) 'moderate' with 'good' and d) 'degraded' against the two other assessments. Table 8 presents the results. For crop land we do not find significant differences between asset value scores for the various states of natural resource qualities. For rangeland we find significant differences between 'moderate' and 'good' and between 'degraded' and 'good' for financial and human asset values. A closer look at Table 7 shows that for financial assets the 'moderate' score is lower as compared to the 'good', while for human asset value the score for 'degraded' is higher as compared to 'good'. For forest we find significant differences for physical, natural and total asset scores. For physical assets the scores for 'degraded' are higher as compared to 'good' and 'others' and this also holds for natural and total asset value scores. For water resources we find for human and total asset scores significant differences between higher 'degraded' scores as compared to the lower scores for the 'good' category. Finally, we analyze if the scores for asset values are correlated to the trend of natural resource quality. 错误!未 找到引用源。 shows the average asset value scores for the trend of natural resource quality. For crop land and rangeland we only find for financial assets that lower scores correspond to the 'degrading' trend, for all other asset values the 'decreasing' category has the highest or second to the highest score. For forest the natural and human asset value scores were lowest for 'decreasing'. For water we found that lowest asset scores for physical, financial, natural, social, and total were given for the 'decreasing' categories. Highest scores for crop land that corresponded to the 'improving' trend were found for the physical, financial and total asset values. For rangeland only physical assets had the highest score for 'improving'. For forest we found highest scores for 'improving' for physical, financial, human and total; for water this holds for the assets financial, natural and social. 错误!未找到引用源。 reports on the statistical significance of differences that were found for asset value scores by trend category. We compare, by asset and natural resource, the scores for a) 'improving' against 'stable', b) 'improving' against 'decreasing', c) 'stable' against 'decreasing' and d) 'decreasing' against the average of all other scores. For crop land we find significant differences for financial assets for the comparison between 'improving' against 'stable', 'improving' against 'decreasing' and 'decreasing' against the average of all other scores. As we discussed in the previous paragraph, the scores of values follows the expected high scores for 'improving' and lowest for 'decreasing' trends, with a score in between these extremes for 'stable'. For rangeland we found significant differences for the human asset when we compare 'improving' against 'decreasing' and 'decreasing' against the average of all other scores. Yet, the highest scores were given for 'decreasing' and lowest scores for 'improving'. Forest reported significant differences in scores for the physical asset when comparing the 'improving' against 'stable', whereby we remark that the score for 'improving' was almost twice as high as for 'stable'. Also for human asset we found significant differences between 'improving' against 'stable' and 'improving' against 'decreasing', with highest scores for the 'improving' category, lowest for 'stable' and with 'decreasing' in between these scores. For water we did not find any significance in the differences between the asset value scores. 
Conclusions
Answering the question that is posed in our title, we have to conclude that asset values in general do not correlate straightforwardly and unequivocally with state and trend of natural resource quality. For our categorical asset value classes as well as for the continuous representation of scoring levels we did not find assuring relationships which indicate that asset values have a predictive power for natural resource quality. Hence we can state that our working hypothesis that relates poor farmers to a higher incidence of land degradation is proven to be incorrect. Obviously, adaptation to resource-conserving technologies, possibly supported by local institutions, is not related to farmers' endowments (Scherr, 2000) .
For the state of forest we found some evidence of differences but these pointed to counterintuitive results of higher asset values that were related to 'degraded' classes. There might be a possibility that trend of natural resource quality for forests can be derived from asset value scores for physical and human.
The results refer to the well-known fact that land degradation is a complex process that is influenced by many factors, most of which are unknown or unobserved. This bias in the observed data makes it also difficult to establish a relationship that clearly measures the effect of an asset on the state and trend of land quality. Of course, the number of factors could be extended and each component of individual assets could be considered as an individual explanatory factor, yet, problems of overfitting and parameter identification, where multiple sets of parameters generate the same observations distribution, looms large.
The approach in a follow-up study could use various techniques (principal component analysis or kernel density regression) to select a limited number of location specific components of asset values that are related to the state and trend of natural resource quality. Possibly accompanied with randomized control trials where farmers are allowed to experiment with certain assets and the quality of the natural resource base is carefully monitored and quantified. The approach would strengthen the empirical basis of further research and hopefully be supportive in improving the decision makers' interventions.
of land degradation.
Note 2. A GAA is defined as a watershed or an area of several 100 square kms that is representative for the country's prevailing land uses, sustainable land management activities and type and extent of land degradation. 
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